Engineering the pH-dependence of kinetic parameters of maize glutathione S-transferase I by site-directed mutagenesis.
The optimisation of enzymes for particular application or conditions remains an important target in all protein engineering endeavours. Here, we report a successful strategy for altering the pH-profile of kinetic parameters and to define in detail the molecular mechanism of maize glutathione S-transferase I (GST I). To accomplish this, selected residues from the glutathione binding site (His40, Ser11, Lys41, Asn49, Gln53 and Ser67) were mutated to Ala, and the pH-dependence of the catalytic parameters V(max), and V(max)/K(GSH)(m) of the mutated forms were analysed. The pH-dependence of V(max) for the wild-type enzyme exhibits two transitions in the acidic pH range with pK(a1) of 5.7 and pK(a2) of 6.6. Based on thermodynamic data, site-directed mutagenesis and UV deference spectroscopy, it was concluded that pK(a1) corresponds to GSH carboxylates, whereas the pK(a2) has a conformational origin of the protein. The pH-dependence of V(max)/K(GSH)(m) for the wild-type enzyme exhibits a single transition with pK(a) of 6.28 which was attributed to the thiol ionisation of bound GSH. These findings complement the conclusions about the catalytic mechanism deduced from the crystal structure of the enzyme and provide the basis for rationally designing engineered forms of GST I with valuable properties.